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INTRODUCTION 
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White Oak Laboratory, Silver Spring, MD 20903-5000 
Both nonuniform heating in a homogeneous material and uniform heating 
in an inhomogeneous material produce local stresses. Inhomogeneous mater-
ials include polycrystals with anisotropic grains, two or more phase mater-
ials and composites. The thermally generated stresses can potentially in-
duce acoustic emission via microscopic deformation and dynamic stress re-
lieving mechanisms. It is anticipated that the ability to follow the his-
tory and characteristics of acoustic emisşion would be useful as a research 
tool for the study of microscopic deformation mechanisms, and could serve 
as a basis for establishing accept/reje.ct criteria during thermal proof-
testing of these inhomogeneous materials and composites. The current work 
reports some results on acoustic emission detected by a simple system 
equipped with energy processing capabilities, during thermal cycling in 
anisotropic, polycrystalline alumina, silicon carbide whisker reinforced 
aluminum, and a continuous graphite fiber reinforced epoxy. 
EXPERIMENTAL PROCEDURE 
The metal and ceramic specimens studied were 0.5 in. diameter, 6 in. 
long rods. The graphite epoxy specimen was a uniaxially reinforced plate 
of approximately 8 in. long, 2 in. wide, and 0.2 in. thick. Three ap-
proaches for heating were attempted. The first was a laboratory furnace 
which allowed heating one end of a ceramic specimen, while the acoustic 
emission sensor was mounted on the other end. The sensor end of the spe-
cimen was cooled with a clamp-on, water circulating device. The furnace 
was modified for D.C. operation to minimize electromagnetic noise. The 
second approach to specimen heating was by means of a 500 watt heat lamp. 
Both the acoustic emission sensor and the thermocouple were screened off 
from direct heating, and the ceramic and metal specimens were supported by 
strings to minimize potential noise generated by mechanical fixtures. The 
acoustic emission sensor was a commercial piezoelectric uinit, with a reso-
nant frequency of 800 KHz, and was coupled to the specimen via a viscuous 
fluid. Thermal cycling of the specimens was achieved by periodically in-
serting and withdrawing the specimen from the fumace, or by tuming on and 
off the radiant heating lamp. Cooling was achieved by forced convection. 
The third approach to heating was by means of a C.W. Ar laser. This was 
focused on the surface of the graphite/epoxy specimen by a lens of 50 in. 
focal length. Thermal cycling was achieved by simply blocking off the 
laser beam periodically. 
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Fig. 1. Schematic of the acoustic emission measurement system. 
The acoustic emission measurement system is shown in Fig. 1. 
Besides the usual amplification and low pass filtering. this system was 
equipped with an "energy" processor. Briefly. this allowed the voltage 
sensed by the transducer to be integrated in time. and was achieved by the 
squaring and voltage control oscillator circuitry. Acoustic emission burst 
type signals above a prese table level were converted to "energy counts" 
which were accumulated as therma1 cycling proceeded. The number of bursts 
and the "energy" associated with them were measured and stored. controlled 
by a program implemented in a LSI-ll microcomputer. The output from the 
computer during an experiment were data tables as well as x-y recorder 
displays of 2 acoustic emission or tempera ture parameters versus time. 
This system was ca1ibrated using ring down signa1s generated by a 
conventional ultrasonic transducer facing the acoustic emission sensor. 
excited with square wave voltage waveforms. Figure 2 shows that. for 
continuous excitation, there was a linear re1ationship between the 
frequency output of the "energy" processor and the power output from a 
R.M.S. vo1tmeter. Furthermore, the number of energy counts was related 
approximate1y linearly with the square of the excitation voltage as shown 
in Fig. 3. This indicated that the energy counts did approximate the 
strength or the energy associated with bursts type acoustic emission 
signal. Only those bursts with voltage levels above 200 vV at the 
transducer before amplification were recorded in our experiments. 
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Fig. 2. Relationship between the output from the energy processor 
and a R.M.S. voltmeter for continuous wave excitation. 
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Fig. 3. Relationship between the square of excitation voltage 
and the energy count for burst typ~ voltage waveform. 
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RESULTS 
The number of bursts and their associated energy during thermal cyc-
ling of alumina in the tempera ture range 300-900 oF are shown in Fig. 4 and 
5, respectively. 
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Fig. 4. Number of bursts during thermal cycling 
of alumina at 300-900 oF. 
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Fig. 5. Energy counts associated with bursts in Fig. 4. 
The acoustic emission parameters were accumulated every four seconds during 
the tests. It appears that most emission occurred when the heating and 
cooling rates were highest. The laboratory furnace was used to obtain 
these relatively high temperature results. When radiant heating (heat 
source was approximately 1 foot from the specimen) was used, the range of 
specimen tempera ture, as sensed by the thermocouple at one end of the 
specimen, was lowered to 300---200 o F for heating times comparable to those 
observed when the laboratory furnace was used. The number of bursts and 
their associated energy during these low level thermal cycling tests are 
shown in Fig. 6 and 7 for alumina, and in Fig. 8 and 9 for silicon carbide 
reinforced aluminum. 
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6. Number of bursts of acoustic emission in alumina 
during low level radiant heating and cooling. 
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Fig. 7. Energy counts associated with bursts in Fig. 6. 
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Figure 8. Number of bursts of acoustic emission in silicon 
carbide whisker reinforced aluminum during low 
level radiant heating and cooling. 
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Fig. 9. Energy counts associated with bursts in Fig. 8. 
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A comparison between the acoustic emission characteristics for alumina 
and silicon carbide reinforced aluminum during these four thermal cycles is 
shown in Table 1. It appears that the number of emissions was more nume-
rous in the aluminum composite, and the emitted energy was higher during 
the cooling part of the cycles. Since the total number of bursts in alum-
ina was smaller, the energy per unit burst was larger. The acoustic emis-
sion energy generated in the graphite/epoxy composite when heated by the 
C.W. Ar laser is shown in Fig. 10. Apparently, emission was recorded 
during both the heating and the cooling part of the cycles. 
TABLE 1. SUMMARY OF ACOUSTIC EMISSION ACTTIVITIES IN 
ALUMINA AND CARBIDE REINFORCED ALUMINUM 
MATERIAL NUMBER OF BURSTS ENERGY (COUNTS) 
HEATING COOL ING HEATING COOL ING 
Al203 33 5 8620 1293 
SiC/Al 17 93 1426 9539 
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Fig. 10. Laser generated acoust~c emission in graphite/epoxy. 
DISCUSSION 
There is considerable discussion in the litera ture on thermal stress 
generation in anisotropic ceramics [1], metals with ceramic inclusions [2], 
and composites [3]. Based on the known coefficients of thermal expansions 
and anisotropic elastic properties, the thermal strains and stresses gene-
rated by a given tempera ture rise or fall can be estimated in theory. In 
general, two considerations must be given when attempting to interpret the 
observed acoustic emission when a given piece of material is subjected to 
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thermal cycling. The first is for the initial microstructural state of the 
specimen, which depends on the manufacturing process for the material. It 
was shown by Evans [4] that starting from the high tempera ture at which 
creep deformation should readily reduce internal stresses to zero, the 
cooling down of alumina to ro om tempera ture during the manufacturing pro-
cess could produce grain boundary cracks as a result of the anisotropic 
thermal and elastic properties. Thermoelasticity theory can also be used 
to show that in the as manufactured state, there was compressive stresses 
inside the silicon carbide particles, and the aluminum matrix yielded 
plastically and hardened [5]. This initial state was, of course, a func-
tion of any heat treatment subsequent to the manufacturing process. 
The second consideration for interpreting our acoustic emission 
results is for the thermoelastic response and stress emission mechanisms 
consistent with the initial state of the materials. The acoustic emission 
observed in alumina during thermal cycling could be indicative of the 
microscopic growth of the initial grain boundary cracks. It is interesting 
to note that the ranges of temperataure over which acoustic emission was 
observed coincided with those over which quenching induced strength degra-
dation in alumina was reported [6], the latter presumably the result of the 
propagationof pre-existing microcracks [7]. Our data in Table I suggest 
that compared to alumina, silicon carbide reinforced aluminum had more 
emission sourc~s of low energy. The larger energy per unit burst observed 
in alumina appears to be consistent with the interpretation that these were 
associated with microcrack propagation, while the emissions observed in 
silicon carbide reinforced aluminum were associated with lower energy, 
microscopic events. 
It has to be noted that considerable thermal gradient existed in the 
experiments, since the temperatuare on the specimen surface must have been 
different from its interior, which was measured at one end of the speci-
men. Thermal gradient effects may have been, in part, the cause of ther-
mally induced low level acoustic emission being observed in conventional, 
wrought, aluminum 6061 alloys. Other sources of thermally induced acoustic 
emission in this homogeneous material, however, cannot be excluded at 
present. We also note that the time required for the specimen interior to 
reach the peak tempera ture was longer in alumina than in the metallic com-
posites as a result of the lower thermal diffusivity in .the former. 
Thermal gradients became significantly larger in the laser heating experi-
ments for graphite/epoxy, and a detailed thermoelastic stress analysis for 
the locally heated composite may be required for a proper interpretation of 
our acoustic emission data. 
SUMMARY 
1. Thermally induced acoustic emission in alumina occurred in the 
tempera ture range in which strength degradation following quenching was 
reported, and the propagation of pre-existing grain boundary cracks was 
suggested. 
2. Bursts emitted were more numerous in silicon carbide reinforced 
aluminum than in alumina during thermal cycling in 80-300 oF. 
3. The averaged energy per burst was higher in alumina than in 
silicon carbide reinforced aluminum in the same tempera ture range. 
4. CW laser heating should provide a potentţally well defined source 
for acoustic emission excitation in a locallized region in composites. 
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